Background. Anemia and iron deficiency are significant public health problems in India, particularly among women and children. Recent figures suggest that nearly 50% of young Indian women are anemic.
Introduction
Iron deficiency is the most prevalent nutrient deficiency in the world and when severe leads to irondeficiency anemia. It is estimated that nearly 1 billion people worldwide are affected by iron-deficiency anemia [1] . In the human body, iron is present in hemoglobin within erythrocytes, in myoglobin within muscle cells, and in several key enzymes involved with cellular metabolism. The adverse consequences of iron deficiency include increased risk of low birthweight and other pregnancy-related complications [2] , poor growth during infancy and early childhood, impaired cognition and behavior in children [3] [4] [5] , reduced work capacity [6] , and reduced productivity [7] . Next to young children, young women are most vulnerable to iron-deficiency anemia [8] . A national survey in India conducted between 1998 and 1999 reported an anemia prevalence rate of 52% among young women [9] . The figure from the same survey for Karnataka State is 42%; the prevalence is slightly lower in urban women at 36%, as compared with 46% in women in rural Karnataka.
Multiple factors, including inadequate intake of iron, low bioavailability of dietary iron [10] , concurrent micronutrient deficiencies [11] , and blood loss due to intestinal parasitic infections [12] , have been implicated as contributing to the high incidence of iron deficiency and iron-deficiency anemia in developing countries. In India, a recent national survey showed 329 Analysis of the etiology of anemia and iron deficiency that the daily dietary intake of iron was about 25 mg among nonpregnant, nonlactating women [13] . This figure is more than 80% of the recommended dietary allowance (RDA) of 30 mg of iron for Indian women [14] . This suggests that the cause of iron deficiency and anemia among Indian women may not be inadequate intake of iron. The poor bioavailability of nonheme iron present in local diets that are largely plant-based, with rice, pulses, and vegetables that are high in phytic acid and fiber [15] , could inhibit iron absorption [16] and is likely to be an important factor in the development of anemia and iron deficiency [17] . Data from India indicate high levels of intestinal parasitic infestation in rural and urban communities. A study of rural South Indian subjects (aged 4 months to 65 years) found that 97.4% excreted parasite eggs and 74.3% had multiple parasitic infestations [18] . Deficiencies of other micronutrients, such as vitamin A and riboflavin, can also synergistically affect the process of erythropoiesis by their vital role in either the absorption or the utilization of iron or in the differentiation and maturation processes of red cells [19] [20] [21] .
Few studies have comprehensively assessed dietary and other factors contributing to anemia and iron deficiency in Indian women. Knowledge of the relative importance of each of the factors affecting their hemoglobin and iron status will be crucial in the development of appropriate intervention strategies to control anemia and iron deficiency in this region. Therefore, a detailed cross-sectional study to identify etiologic factors among measures of demography, intestinal parasites, biochemical status, and nutrient and food intake was carried out to assess their contribution to anemia and iron deficiency among poor urban women in Bangalore, India. Extensive information on iron intake and the various dietary food components contributing to it, along with their association with anemia and iron deficiency, is also presented.
Methods

Study site and sample selection
The study site was a crowded urban slum settlement with a high population density and limited access to water supply and sanitation, situated close to St. John's Research Institute in Bangalore. The average number of persons per household was 5.3, with an average of 3.5 persons sharing one room. Fifty-two percent of the families had access to only community toilets. Each drinking water source in this community was shared among more than 100 households. Nearly 10% of the 6 million inhabitants of Bangalore live in such slum settlements that are scattered around the city [22, 23] .
A house-to-house survey of the entire slum settlement was carried out to identify young women for the study. From the 801 households surveyed, a total of 511 nonpregnant, nonlactating women in the age group of 18 to 35 years were available for the study. From this group, a random sample of 100 women was chosen. Fourteen of the 100 women did not participate in the study: 3 because they were pregnant at the time of recruitment, 4 because they moved, and 7 because they refused to have blood drawn. Another set of 14 women, randomly selected from the remaining 411 women, was recruited into the study to make a total of 100 women.
Ethical considerations
This study was approved by the Ethical Review Board of St. John's Medical College, Bangalore. Informed written consent was obtained from each study participant. For illiterate participants, the study was explained orally in their native language and consent indicated by a thumbprint on the consent form.
Data collection
After recruitment, the women were visited in their homes and information on socioeconomic and demographic factors, including age, educational and marital status, and family composition, was obtained. Anthropometric measurements, including weight (with clothes) to the nearest 0.1 kg (measured with a Soehnle scale), and height to the nearest 0.1 cm, were recorded. The body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters.
Ten milliliters of venous blood was collected into tubes containing EDTA (ethylenediaminetetraacetic acid) and transported on cold packs to the laboratory. Whole blood was analyzed within 12 hours of blood sampling. Hemoglobin was measured on an automated Cell-Dyn 1700 system (Abbott Diagnostics), and three-level controls provided by the manufacturer were used. Anemia was defined according to World Health Organization (WHO) criteria as a hemoglobin concentration of less than 12.0 g/dL [1] . Whole blood was also analyzed for hemoglobinopathies by acetate gel electrophoresis with the quantification of the A2 fraction of hemoglobin performed by densitometry (Helena Biosciences) [24, 25] . Serum samples were aliquoted and frozen at -80°C until analysis. Automated enzyme-linked immunosorbent assay (ELISA) was used to measure serum ferritin (Orgentec) and C-reactive protein (Omega Diagnostics). Three-level controls for ferritin were used to calibrate the assay (Lyphocheck). Iron deficiency and iron-deficiency anemia were defined according to WHO criteria: serum ferritin under 15 µg/L for iron deficiency, and serum ferritin under 15 µg/L along with hemoglobin under 12.0 g/dL for iron-deficiency anemia [1] .
Three 24-hour dietary recalls on two weekdays and one weekend day (Sunday) were recorded from each of the 100 women by trained research assistants. During each recall, all food and drink consumed over the previous 24-hour period was recorded chronologically in an open-ended questionnaire by a trained dietitian. Standard measures were placed before the respondent to quantify the portion size of each food item when the questionnaire was administered. The subjects were encouraged to give detailed descriptions of all solid and liquid foods consumed, such as whether or not fat or oil was used in an item and whether or not sugar was added to beverages. Recipes for the food items were tested in the laboratory. The raw ingredients for each recipe were weighed, and volume-to-weight conversions were estimated for each cooked food item. The nutrient composition of the food item was calculated by using standard foodconversion tables for the ingredients [14] . Wherever available, data from Indian food-composition tables were used [14] . However for nutrients for which Indian data were not available, US Department of Agriculture data in the public domain were used [26] .
A replica of the questionnaire was made in a spreadsheet into which the dietary information was entered. The program computed the ingested amount of the nutrient by multiplying the consumption of each portion of a food item by the nutrient content of its portion size. Information on the consumption of foods as specific food groups was also collated. The mean of the three 24-hour dietary recalls was used to characterize the intakes of nutrients and food groups. In 20 other nonpregnant, nonlactating women residing in the same slum, three-day weighed food records were also obtained. Over three consecutive days, the edible (raw and cooked) portions of all foods and beverages prepared were weighed to the nearest gram in the women's homes with a Kern 440-53 scale. The food consumed by the women at each meal (breakfast, lunch, tea, dinner) was recorded. The women were instructed to report on foods consumed outside the home; the quantities were determined by weighing whenever possible or estimated. Dietary intakes of heme and nonheme iron were calculated, and the phytate contents of local staple foods were directly analyzed [27] Dietary iron bioavailability was calculated by an algorithm described by Reddy et al. [28] that incorporated the intake of animal tissue, phytate, and vitamin C for the estimation of bioavailability. The percentage of heme iron in animal foods was estimated as 30% for chicken [29, 30] , 70% for mutton [29] , and 25% for fish [30] . Nonheme iron was then calculated as the difference between total iron and heme iron. The mean intakes of micronutrients as percentages of their requirements, using both the Indian recommended dietary allowances (RDA) [14] and the current dietary reference intakes (DRI) for the United States [26, 31] , were calculated. Reference energy requirements, with the use of a reference weight of 50 kg, were derived after the prediction of the basal metabolic rate by using standard WHO equations [32] and applying an average physical activity level of 1.54 for sedentary activity [32] . Reference protein and fat intakes were estimated as 0.8 g/kg body weight [33] and 25% of total energy intake, respectively, per day.
Fecal samples collected on a single occasion were screened for intestinal helminthic ova and cysts of intestinal protozoa [34] with the use of the semiquantitative Kato-Katz thick-smear technique [35, 36] . Briefly, a portion of the fecal sample was sieved to remove fiber and coarse debris, and care was taken not to disperse fecal aerosols. A 50-mg portion of the sieved fecal sample was emulsified and placed on a clean glass slide, after which helminthic ova and protozoan cysts were enumerated in the entire smear. A similar smear, prepared as above, was stained with freshly prepared Lugol's iodine and examined for ova and cysts.
Statistical analysis
Statistical analyses were performed with SPSS version 13.0. Correlations of nutrient and food intakes with blood hemoglobin and serum ferritin were calculated by Spearman's correlation coefficient. McNemar's chi-square test with continuity correction was used to compare the change in frequencies of iron deficiency and degree of undernutrition (BMI < 18.5 and ≥18.5 kg/m 2 ). P values of less than .05 were considered to indicate statistical significance.
Results
Sample characteristics
The mean age of the women was 25.4 ± 5.1 years; 55% of them had little or no education (table 1). Fifty percent of the women were employed as house maids or worked in garment factories, and the rest were housewives. Nearly all of the women (97%) consumed nonvegetarian diets. Thirty-two percent were undernourished (BMI < 18.5). The mean family size per household was 5.3 persons.
Biochemical status
The prevalence rates of anemia and iron deficiency were 39% and 62%, respectively; 95% of the anemic women were iron deficient, indicating iron deficiency as a primary factor of anemia in these women. The mean hemoglobin concentration was 11.9 ± 1.7 g/dL. One subject was severely anemic (hemoglobin concentration, 3.5 g/dL). Most of the women (94%) had no inflammation or infection (C-reactive protein < 10 mg/L). The serum ferritin levels of those women who had elevated C-reactive protein were not included in the analysis. The median serum ferritin level was 12.7 μg/L (mean, 18.8 ± 20.1 μg/L; N = 94). With the exception of one subject who was identified as a carrier of the hemoglobin D trait, no other hemoglobin variant was detected in this group. There were significant associations between blood hemoglobin concentrations and body weight (r = 0.23, p < .05); undernourished women (BMI < 18.5) had a significantly higher prevalence of iron deficiency than those who were well nourished (p < .05). Fifty percent of the women with BMI less than 18.5 (N = 32) were anemic, whereas 33.8% (N = 68) of those with a BMI of 18.5 or more had anemia. This difference in anemia prevalence between the groups was not statistically significant.
Dietary intake
The mean daily intakes of total iron, heme iron, and nonheme iron in the total study group were 9.5, 0.85, and 8.65 mg, respectively. The mean intake was only 32% of the RDA for Indian women. The mean consumption of foods categorized by food groups and the proportional contribution of different food groups to the total iron intake are shown in table 2. Nonheme iron contained in cereals, pulses, and vegetables contributed 77% of the total iron consumed per day. The mean intakes of meat, fish, and poultry were 28.8, 1.0, and 10.0 g per day, respectively, contributing 10% of the total daily iron intake.
The relationship of daily dietary intake of nutrients and foods with blood hemoglobin (N = 100) and with serum ferritin concentrations (N = 94) was examined (table 3) . Neither blood hemoglobin nor serum ferritin was related to dietary iron or energy intake. Blood hemoglobin was significantly correlated with intake of fat (r = 0.22, p < .05), vitamin B 2 (r = 0.22, p < .05), milk and yogurt (r = 0.25, p < .05), and coffee (r = 0.23, p < .05). Serum ferritin was significantly correlated with intake of niacin (r = 0.22, p < .05), vitamin B 12 (r = 0.21, p < .05), and selenium (r = 0.22, p = .051); however, it was inversely related to egg intake (r = -0.21, p < .05).
The overall mean intakes were suboptimal for a number of nutrients when expressed as a percentage of RDA according to Indian reference values for women ( fig. 1) . In particular, the intakes of vitamin A, iron, iodine, and fiber were 50% or more below the Indian RDAs. However, it must be noted that for nutrients such as folic acid, vitamin B 12 , and calcium, which appear to be consumed in sufficient quantities by Indian women, the Indian RDAs have not been revised recently and are much lower than current recommendations for other parts of the world (fig. 2) .
Data from the three-day weighed intake showed the intakes of energy, iron, vitamin C, meat, and phytate to be 1,314 kcal, 6.6 mg, 47.3 mg, 21.7 g, and 1,287 mg, respectively, with an estimated iron bioavailability of 2.8% [28] .
Parasitic infestation
Stool samples tested positive for parasites in only 17% of the women; ova and parasites were found for Ascaris lumbricoides (8.3%), Giardia intestinalis (2.1%), Entamoeba coli (4.2%), and Entamoeba histolytica (2.1%). Multiple parasitic infestations were not observed in any of the women. 
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Discussion
This study confirms that anemia is still widely prevalent among young women, as has been reported for elsewhere in India and other developing countries [37] [38] [39] ; almost 40% of the study women had anemia. These figures for anemia are in close agreement with those reported for urban women in Karnataka (36%) [9] . Sixty-two percent of the women in this study had depleted iron stores. Most cases of anemia (95%) were due to iron deficiency. It appears that the low iron intakes reported by the women in this study could be an immediate cause of iron deficiency in this population. Since the iron intake values were derived from both detailed three-day dietary intakes and weighed intakes, which were in close agreement, they are likely to reflect true intake values. This finding is contrary to recent (higher) estimates for iron intake of 25.1 mg/day for nonpregnant, nonlactating Indian women [40] .
Other Indian studies report intakes between 14 and 25 mg/day for young women [41] . Therefore, strategies such as food fortification to improve iron intake may be a priority for intervention. As well as having an inadequate iron intake, the women in this study obtained most of their dietary iron in the form of nonheme iron contained in cereals, pulses, and vegetables. This iron is likely to be poorly absorbed because of the presence of large amounts of phytic acid in the food matrix [42] . Other common constituents in the meals, such as pulses (rich in phytates) and spices that contain polyphenols [43] , also significantly inhibit iron absorption. The habitual consumption of diets with poorly bioavailable iron has been shown to be a cause of iron deficiency in other [44] , even in the presence of adequate amounts of iron. On the other hand, heme iron and vitamin C have long been known to facilitate nonheme iron absorption [45, 46] . The consumption of meat, fish, and fruits, however, was very low in this population. Leafy vegetables and other vegetables, such as tomatoes, green beans, cauliflower, and green chilies, that were consumed contained a substantial amount of vitamin C (about 70 mg/day). However, the vitamin C in vegetables is likely to be completely destroyed by heat because of the prolonged cooking time of Indian dishes.
The majority of the women had no parasitic infestation, probably because of improved personal hygiene, sanitation, and use of footwear. These findings reflect a similar low prevalence of parasitic infestation in Indian men from a similar urban setting [47] . Therefore, infection, inflammation, and iron losses due to intestinal parasitic infestation are probably not major causes of iron deficiency and iron-deficiency anemia in slum-dwelling urban adults. Inadequate iron intake and poor iron bioavailability seem to be the primary causative factors for iron deficiency and iron-deficiency anemia in this population. The estimated bioavailability of iron from weighed intakes showed nonheme iron absorption to be around 3%, according to the algorithm of Reddy et al. [28] . This equates to approximately 0.22 mg of iron absorbed into the body from the 6.6 mg of dietary iron (weighed intake), which is only 15% of the required absorbed iron in these women. Clearly, poor iron bioavailability contributes strongly to iron deficiency in these women; however, it is puzzling not to find a higher incidence of severe anemia. Physiological up-regulatory mechanisms, including adaptation to a diet low in bioavailable iron, may be present to help maintain an iron balance just sufficient to prevent moderate to severe anemia.
More than half of the world's undernourished people live in India [48] , and it has been estimated that one in five people in developing countries do not consume enough food to meet minimum nutrient requirements [14] . This appears to be particularly relevant for iron and other micronutrients in the study women. Good correlations were observed between blood hemoglobin and serum ferritin and dietary intakes of riboflavin, niacin, vitamin B 12 , and selenium. The effect of riboflavin supplementation on improvement in hemoglobin concentrations has been documented in earlier studies [49] . Riboflavin has been shown to have a direct role in the release of iron from ferritin [50, 51] , and studies in animal models have shown moderate riboflavin deficiency to impair iron absorption [52, 53] .
Intervention studies have provided further evidence for the involvement of riboflavin in iron absorption, as evidenced by a better hematological response to iron supplementation when compared with iron supplementation alone in women and school-aged children [54] [55] [56] [57] . When rats were fed a riboflavin-deficient diet, a decrease in the number of villi per unit area of the intestinal mucosa, leading to a decrease in the absorptive surface, was seen. The association of milk and coffee intake with blood hemoglobin levels in our study is possibly due to the high riboflavin content in milk and milk-containing foods. Vitamin B 12 is involved in DNA synthesis through the methyl cycle pathway, and a deficiency of vitamin B 12 can result in erythroblast apoptosis leading to ineffective erythropoiesis [58] . Although deficiencies of other vitamins and minerals, such as thiamin and niacin, have been thought to be associated with the hematopoietic pathway, the underlying mechanisms are still unclear [59, 60] .
The inhibitory effect of the diet on iron absorption, combined with concurrent deficiencies of micronutrients that play a role in iron metabolism, calls into question the efficacy of conventional strategies such as providing additional iron through food fortification. However, since iron intake is also low, combined interventions, including fortification and dietary modifications that improve bioavailability, may be effective in addressing this problem.
